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METHOD AND APPARATUS FOR 
PROVIDING A DYNAMIC SERVICE 

COMPOSITION SOFTWARE 
ARCHITECTURE 

FIELD OF THE INVENTION 

The invention relates to the composition of software 
based Services. More particularly, the invention relates to a 
method and apparatus for providing a dynamic Service 
composition Software architecture. 

BACKGROUND OF THE INVENTION 

Traditional Software architecture uses Static Service com 
position to create a Software based Service 10, as shown in 
FIG. 1A. A number of applications 20 are selected at the 
time the Service 10 is designed. An application is a program 
designed to perform a specific function and, if required, 
communicate or interact with other applications. The inter 
actions 30 between the applications 20 are also selected at 
the time the service 10 is composed. The applications 20 and 
interactions 30 are Selected by a Service Software designer to 
achieve the functionality of the desired service 10. 

For example, to construct a Stock quote Service, a Service 
Software designer could Select three applications A1-A3. 
The first application (A1) might receive a stock quote feed 
from a Source Such as the Internet. The Second application 
(A2) might review the Stock quote feed looking for a specific 
Stock at a particular price and the third application (A3) 
might Send an E-mail message to a user when the Stock 
reached that price. The application A1 would interact with 
the application A2 by periodically Sending Stock quotes. The 
application A2 would interact with the application A3 by 
announcing when the Stock has reached the desired price. 

There are Several problems, however, with using Static 
Service composition to create a Software based Service. 
Because the selected applications 20 and interactions 30 are 
fixed at the time the service 10 is designed, they cannot be 
changed dynamically when the Service 10 is executed. AS 
used herein, the words “dynamic' and “dynamically” refer 
to events occurring at the general time a Software Service is 
executed or run, as opposed to a “static' composition which 
is fixed at the time a Software Service is created. The 
resulting Software based Service is typically built as a 
monolithic application that is difficult to enhance or modify. 
This makes changing the functionality of a Software based 
Service a very time consuming and expensive task. If a user 
wanted the Stock quote Service to Send a message to a pager, 
instead of Sending an E-mail message, the major parts of the 
Service would have to be recomposed, retested and rein 
stalled. With complicated software based services, this pro 
ceSS can take well over a year to complete and requires the 
efforts of Specially trained Software designers and program 
CS. 

Also, because traditional Software architecture dictates 
that applications 20 and interactions 30 cannot be changed 
dynamically, only a very limited flexibility can be offered to 
a user. There is no way, for example, that a user can 
reconfigure the Service 10 to perform an entirely new 
function, Such as creating a graph of a Stock price over the 
past month. Similarly, a user cannot take advantage of an 
upgraded version of an application without recomposing the 
entire service 10. 

Moreover, because Services are created and customized 
by Service Software designers, the interactions 30 among the 
applications 20 are not Standardized, nor is the mechanism 
used to Select and to configure the applications 20. The 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
“state' of each application, or set of variables that define the 
information in the application, is also saved and restored in 
an ad-hoc manner. These factors contribute to making Static 
Service composition a slow, expensive and error-prone 
operation. 

Finally, because the Service 10 is composed at design 
time, and not at run time, it is difficult to take full advantage 
of the benefits of a distributed network. One advantage of a 
distributed network is that components can execute on 
different computers to balance Software loads in the net 
work. A Static Service Software designer has no way of 
knowing, for example, if the applications A1, A2 and A3 can 
be more efficiently run on different computers. This ulti 
mately results in higher operating expenses because it is 
necessary to Statically assign Software to particular 
machines. 

In view of the foregoing, it can be appreciated that a 
Substantial need exists for a method and apparatus for 
providing a dynamic Service composition Software architec 
ture that lets a software based service be easily modified. 

SUMMARY OF THE INVENTION 

The disadvantages of the art are alleviated to a great 
extent by the method and apparatus for providing a dynamic 
Service composition Software architecture. First, a plurality 
of Software components are Selected at about the time the 
Service will be executed. Each Software component is 
capable of receiving an event causing the component to 
perform a function, or generating an event as a result of 
performing a function. The Selected components are then 
configured, also at about the time the Service will be 
executed, by determining which of the Selected components 
will send or receive events from which other of the selected 
components. As a result, the Software based Service is 
dynamically composed. 
With these and other advantages and features of the 

invention that will become hereinafter apparent, the nature 
of the invention may be more clearly understood by refer 
ence to the following detailed description of the invention, 
the appended claims and to the Several drawings attached 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are block diagrams respectively repre 
Senting the Static composition of a Software based Service 
and the dynamic composition of a Software based Service 
according to an embodiment of the present invention. 

FIG. 2 is a block diagram of an embodiment of the present 
invention. 

FIG. 3 is a block diagram of a network, including Software 
component repositories, according to an embodiment of the 
present invention. 

FIG. 4 is a block diagram of a host executing agent, 
Service and Selected Software components according to an 
embodiment of the present invention. 

FIG. 5 is a block diagram of a host operating in a network 
according embodiment of the present invention. 

FIG. 6 is a block diagram of various user input devices 
according to an embodiment of the present invention. 

FIG. 7 is a block diagram of a dynamically composed 
Stock quote notifying Service executing on a host according 
to an embodiment of the present invention. 

FIG. 8 is a dynamically composed multicast Session 
recording and playback Service executing on a host accord 
ing to an embodiment of the present invention. 
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FIG. 9 is a dynamically composed run time call handling 
Service executing on a host according to an embodiment of 
the present invention. 

FIG. 10 is a dynamically composed travel coordinator 
Service executing on a host according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION 

The present invention is directed to a method and appa 
ratus for providing a dynamic Service composition Software 
architecture. Referring now in detail to the drawings wherein 
like parts are designated by like reference numerals 
throughout, there is illustrated in FIG. 1B the dynamic 
composition of a Software based Service 50 according to an 
embodiment of the present invention. A number of compo 
nent programs 60 are dynamically Selected at the time the 
service 50 is executed. The component programs 60, also 
referred to herein as "netlets,” are programs designed to 
perform a Specific function. AS described with respect to 
FIGS. 2 through 10, the netlets 60 can enhance the capability 
of a network much as applets enhance the capability of a 
browser and Servlets enhance the capability of a Server. 

The netlets 60 communicate by receiving an “event” 70 
causing the component to perform a function or generating 
an event 70 as a result of performing a function. The events 
70 generated by one netlet 60 are sent to other netlets in the 
Service 50. The events 70 between netlets 60 are also 
dynamically configured at the time the service 50 is 
executed. The netlets 60 and events 70 are selected and 
configured to achieve the functionality of the desired Service 
50. 

Because netlets are Selected and configured at run time, 
they can be conveniently written by, and purchased from, 
different Sources. A Single netlet can be designed to be used 
and reused in different Software based services. Unlike the 
case with Static Service composition, this requires the Saving 
and restoring of netlet States in a consistent manner and a 
Standard mechanism must be used for communication 
between netlets. Moreover, the dynamic nature of the service 
composition in this architecture lets netlets move from node 
to node during execution. 

In View of the above, a computer language should have 
Several characteristics related to the dynamic Service com 
position Software architecture disclosed herein. In particular, 
the language should provide “introspection' which lets a 
tool examine a Software component, Such as a netlet, at 
runtime and determine the properties, events and functions 
of that component. Additionally, the language should pro 
vide “dynamic software loading” which is the ability to 
transfer the behavior of an object from an application or 
Software component running on one machine to an applica 
tion or Software component running another. The language 
should also provide “serialization” which lets the state of a 
Software component running on one machine be transferred 
to a Software component running on another machine. The 
Java computer language developed by Sun MicroSystems is 
one Software technology that can be used to achieve 
dynamic Service composition. Java provides introspection, 
dynamic Software loading and Serialization and is designed 
So that a Software component written in Java executes on a 
Java Virtual Machine (JVM), which in turn runs on the host 
platform's native Operating System (OS). It should be noted 
that a fairly large, and growing, number of Software com 
ponents written in Java are already available. 

Refer now to FIG. 2, showing a block diagram of an 
embodiment of the present invention. A network 160 con 
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4 
tains two dynamically composed Software based Services 
110, 112 similar to the service 50 described with respect to 
FIG. 1B. The services 110, 112 can be dynamically created 
at run time by “service netlets' 150, 152. A service netlet is 
a netlet specifically designed to dynamically integrate a Set 
of component netlets and their associated events into a 
Software based service. To perform this function, the service 
netlets 150, 152 can take advantage of Java's introspection, 
dynamic Software loading and Serialization capabilities 
described above. Instead of being created by Service netlets 
150, 152, the component netlets can be manually selected 
and configured by a user to dynamically compose the 
Software based services 110, 112. 

Also shown in FIG. 2 is an agent netlet 140. The agent 
netlet 140 receives a user request from an access device 130 
as described in detail with respect to FIG. 6. The agent netlet 
140, the service netlets 150, 152 and the component netlets 
in the two services 110, 112 can be selected from a netlet 
repository 120 in the network 160. If, for example, a user 
asks for two Stock quote Services, the request is sent from an 
access device 130 to the agent netlet 140. The agent netlet 
140 dynamically selects the two service netlets 150, 152 
appropriate for those tasks. Finally, the service netlets 150, 
152 dynamically construct the services 110, 112 to achieve 
the desired functionality of the two Stock quote Services. 

FIG. 3 is a block diagram of the network 160 including 
two separate netlet repositories 120, 122 according to an 
embodiment of the present invention. Netlets are retrieved 
from the netlet repositories 120, 122 and executed on netlet 
hosts 100, 102, 104 which provide an execution environ 
ment for the netlets. Netlet hosts in FIGS. 3 to 10 are shown 
using an inverted TSymbol, and netlets executing on a host 
are shown as circles attached to the inverted T symbol. The 
netlets executing on the netlet hosts 100, 102, 104 can be 
agent, Service or component netlets. For consistency, agent 
and service netlets will be shown attached to the left and 
component netlets will be shown attached to the right of the 
inverted T symbol. 

FIG. 4 is a block diagram of a single netlet host 100 
executing an agent netlet 140, service netlet 150 and several 
component netlets 170 according to an embodiment of the 
present invention. When a user makes a request through the 
acceSS device 130 for a Software based Service, an agent 
netlet 140 will dynamically retrieve a service netlet 150 
from a netlet repository 120. The service netlet 150 then 
dynamically retrieves the appropriate component netlets 170 
from the netlet repository 120. The service netlet 150 also 
dynamically configures the component netlets 170 and maps 
the associated events to achieve the functionality of the 
requested Software based Service. The newly composed 
Software Service can then begin execution. 

FIG. 5 is a block diagram of a netlet host 100 operating 
in a network according to an embodiment of the present 
invention. To execute the Java agent netlet 140, service 
netlet 150 and component netlets 170, the netlet host 100 is 
a Java application that executes on a Java Virtual Machine 
(JVM) 180. The JVM will, of course, run on the platforms 
native Operating System (OS) 190. A performance monitor 
101 is part of the netlet host 100 and communicates with 
other netlet hosts in the network (not shown in FIG. 5) to 
accomplish the function of the software based service. This 
lets the agent netlet 140, service netlet 150 and the various 
component netlets 170 in a single service run on different 
netlet hosts in the network. By communicating through the 
performance monitor 101, a netlet host 100 can create a 
distributed System and balance the processing load among 
the machines. The performance monitor 101 also lets a user 
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obtain information about all of the activities that he or she 
initiated in the network. For example, the agent netlet 140 
could, by using the performance monitor 101, communicate 
with other hosts in the network and inform a user which 
netlet hosts are executing which Services, or which compo 
nents of which Services, and the State of execution for each 
Service or component. 

FIG. 6 is a block diagram of various user input devices 
130 according to an embodiment of the present invention. As 
described above, the agent netlet 140 interacts with the 
service netlets 150, 152 which dynamically integrate other 
component netlets 170, 172 to achieve the functionality 
requested by the user. A Single agent netlet 140 can be 
assigned to a particular individual and act as that individu 
als representative in the network. AS Such, an agent netlet 
140 can be designed to act as a personal assistant and to 
provide advice to the user. In this case, the agent netlet 140 
would learn the individual’s preferences and maintain a 
profile making it easier for the individual and the agent netlet 
to efficiently communicate. For example, an agent netlet 140 
could learn how and when to notify a user based on the day 
of the week, the time of day and the importance of the 
information. 
A variety of user access devices and transport options can 

be supported by using agent adaptors 132, 136, 139. A user 
could enter a request through a phone 131 and have a phone 
agent adaptor 132 translate the request for the agent netlet 
140. The user could also enter a request on a Personal Digital 
Assistant (PDA) 133, such as a Palm Pilot available from 
Palm Computing, Inc., a Subsidiary of 3Com Corporation. 
The PDA could send the request via E-mail through dae 
mons 134 and a mailbox 135 to a PDA agent adaptor 136, 
allowing for the “disconnected’ request and delivery of a 
Software based service. An Internet browser 137 could also 
send a request through a Hypertext Transfer Protocol 
(HTTP) server to an Internet browser adaptor 139. HTTP is 
a set of rules for exchanging text, graphic images, Sound, 
video, and other multimedia files on the World Wide Web. 

FIG. 7 is a block diagram of a dynamically composed 
Stock quote notifying Service executing on a netlet host 200 
according to an embodiment of the present invention. A user 
can request, for example, that the agent netlet 240 dynami 
cally create a Service that informs the user when a particular 
Stock reaches a certain price. The agent netlet 240 will Select 
a service netlet 250 appropriate for that task. The service 
netlet 250 will then select and configure component netlets 
271 through 276. The stock quote data feed netlet 271 can 
receive raw Stock information over the Internet and Send 
stock related information to the quote filter netlet 272. The 
quote filter netlet 272 can tell the user notifier netlet 273 if 
the stock has reached that price. The user notifier netlet 273 
will then send an event to the E-mail netlet 274, the fax 
netlet 375 or the pager netlet 276 as appropriate. The user 
notifier netlet 273 can, of course, decide to notify the user by 
several of these methods. 

FIG. 8 is a dynamically composed multicast Session 
recording and playback Service executing on a host 300 
according to an embodiment of the present invention. Mul 
ticast is an Internet Protocol (IP) based transport that broad 
casts information, Such as a Video, to a set of receivers. The 
user can request that the agent netlet 340 create a Software 
based Service that pages the user if the Federal Reserve 
makes a multicast announcement. The user can also specify 
that the Service automatically Start multicast player tools on 
a personal computer to immediately play a Federal Reserve 
announcement, or to record the announcement and notify the 
user by E-mail. The agent netlet 340 will select a service 
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netlet 350 appropriate for that task and the service netlet 350 
will then select and configure component netlets 371 
through 377. The session directory feed netlet 371 and the 
session filter netlet 372 can monitor announcements from 
the Federal Reserve. The user notifier netlet 373 can send 
one or more events to the session recorder netlet 374, the 
session player netlet 375, the E-mail netlet 376 and the pager 
netlet 377 as required. Note that the user notifier netlet 373, 
E-mail netlet 376 and pager netlet 377 can be the same 
netlets used in the Stock quote notifying Service shown in 
FIG. 7. 

FIG. 9 is a dynamically composed run time call handling 
Service executing on a netlet host 400 according to an 
embodiment of the present invention. A first user 430 can 
request that a first agent netlet 440 contact a Second user 432. 
The first agent netlet 440 selects a service netlet 450 to 
create a call handling Service from the pager netlet 471, the 
E-mail netlet 472 and the video message netlet 473. An 
agent netlet 442 associated with the second user 432 will 
also Select a Service netlet 452 to create a Service that 
contacts the Second user 432. 

FIG. 10 is a dynamically composed travel coordinator 
Service executing on a netlet host 500 according to an 
embodiment of the present invention. A user can request, for 
example, that the agent netlet 540 dynamically create a 
Service that informs the user when there are airline delayS 
that affect the user's travel plans. The user can also ask that 
alternative travel plans be presented on a personal digital 
assistant and, if required, automatically extend car rental and 
hotel reservations by one day. The agent netlet 540 will 
select a service netlet 550 appropriate for these tasks and the 
service netlet 550 will select and configure component 
netlets 571 through 577. The airline flight data feed netlet 
571 and the data filter netlet 572 can determine if there are 
any airline delays. The user notifier netlet 573, the pager 
netlet 574 and the dynamic web page composer netlet 575 
can tell the user about a delay and the hotel data feed netlet 
576 and the car rental data feed netlet 577 can change the 
user's reservations. 

Although various embodiments are specifically illustrated 
and described herein, it will be appreciated that modifica 
tions and variations of the present invention are covered by 
the above teachings and within the purview of the appended 
claims without departing from the Spirit and intended Scope 
of the invention. For example, although dynamically com 
posed Stock quote, multicast Session, call handling and travel 
coordinator Services are shown and described, it can be 
appreciated that an endleSS number of Services can be 
composed instead and Still fall within the Scope of the 
invention. Moreover, although Java is disclosed as one 
computer language that can be used in an embodiment of the 
present invention, another computer language that provides 
introspection, dynamic Software loading and Serialization 
could be used and still fall within the scope of the invention. 
What is claimed is: 
1. A method of dynamically composing a user-requested 

Software based Service, comprising: 
responsive to an input from a user acceSS device received 

through an agent adaptor, Selecting an agent Software 
component from a repository of Software components, 

the agent Software component Selecting a Service Software 
component from the repository of Software compo 
nents, 

the Service Software component: 
Selecting a plurality of Software components from the 

repository of Software components, each of the Selected 
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Software components providing a plurality of user 
requested functions, and each component receiving an 
event causing that component to perform a user 
requested function or generating an event as a result of 
that component performing a user-requested function; 
and 

configuring the Selected Software components for Sub 
Stantially immediate execution by identifying which 
components will Send or receive events from which 
other components to create the user-requested Software 
based Service. 

2. The method of claim 1, further comprising the step of: 
executing the Software based Service. 
3. The method of claim 1, wherein the Software compo 

nents are Java Software components. 
4. The method of claim 1, wherein the user access device 

is a computer. 
5. The method of claim 1, wherein the user access device 

is a phone and the agent adaptor translates user input from 
the phone into an input for the agent Software component. 

6. The method of claim 1, wherein the user access device 
is a personal digital assistant and the agent adaptor translates 
user input from the personal digital assistant into an input for 
the agent Software component. 

7. The method of claim 1, wherein the user access device 
is an Internet browser and the agent adaptor translates user 
input from the Internet browser into an input for the agent 
Software component. 

8. The method of claim 1, wherein the selected, service 
and agent Software components are executed on a Software 
component host. 

9. The method of claim 1, wherein the selected, service 
and agent Software components are executed on a network 
having a plurality of Software component hosts. 

10. The method of claim 9, wherein the selected, service 
and agent Software components can be executed on different 
Software component hosts. 

11. The method of claim 9, wherein each of the plurality 
of Software component hosts includes a performance moni 
tor in communication with at least one other of the plurality 
of Software component hosts. 

12. The method of claim 11, wherein the performance 
monitors communicate to balance the load of Software 
executing on the plurality of Software component hosts. 

13. The method of claim 11, wherein the performance 
monitors communicate to determine the Status of Software 
components executing on the plurality of Software compo 
nent hosts. 

14. An apparatus for dynamically composing a user 
requested Software based Service, comprising: 

responsive to an input from a user acceSS device received 
through an agent adaptor, means for Selecting an agent 
Software component from a repository of Software 
components, 

the agent Software component having means for Selecting 
a Service Software component from the repository of 
Software components, 

the Service Software component having: 
means for Selecting a plurality of Software components 

from the repository of Software components, each of 
the Selected Software components providing a plurality 
of user-requested functions, and each component 
receiving an event causing that component to perform 
a user-requested function or generating an event as a 
result of that component performing a user-requested 
function; and 
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8 
means for configuring the Selected Software components 

for Substantially immediate execution by identifying 
which components will Send or receive events from 
which other components to create the user-requested 
Software based Service. 

15. The apparatus of claim 14, further comprising: 
executing means for executing the Software based Service. 
16. The apparatus of claim 14, wherein the software 

components are Java Software components. 
17. The apparatus of claim 14, wherein the user access 

device is a computer. 
18. The apparatus of claim 14, wherein the user access 

device is a phone and the agent adaptor translates user input 
from the phone into an input for the agent Software com 
ponent. 

19. The apparatus of claim 14, wherein the user access 
device is a personal digital assistant and the agent adaptor 
translates user input from the personal digital assistant into 
an input for the agent Software component. 

20. The apparatus of claim 14, wherein the user access 
device is an Internet browser and the agent adaptor translates 
user input from the Internet browser into an input for the 
agent Software component. 

21. The apparatus of claim 14, wherein the Selected, 
Service and agent Software components are executed on a 
Software component host. 

22. The apparatus of claim 14, wherein the Selected, 
Service and agent Software components are executed on a 
network having a plurality of Software component hosts. 

23. The apparatus of claim 22, wherein the Selected, 
Service and agent Software components can be executed on 
different Software component hosts. 

24. The apparatus of claim 22, wherein each of the 
plurality of Software component hosts includes a perfor 
mance monitor in communication with at least one other of 
the plurality of Software component hosts. 

25. The apparatus of claim 24, wherein the performance 
monitors communicate to balance the load of Software 
executing on the plurality of Software component hosts. 

26. The apparatus of claim 24, wherein the performance 
monitors communicate to determine the Status of Software 
components executing on the plurality of Software compo 
nent hosts. 

27. An apparatus for dynamically composing a user 
requested Software based Service, comprising: 

a storage unit to Store a plurality of Software components, 
each of the plurality of Software components being 
capable of receiving an event causing that component 
to perform a user-requested function or generating an 
event as a result of that component performing a 
user-requested function; 

a processing host to execute an agent Software component 
Selected from the Storage unit in response to an input 
Selection signal, the processing host to execute a Ser 
Vice Software component Selected from the Storage unit 
by the agent Software component, the processing host 
to Select from Said Storage unit a plurality of Software 
components Selected by the Service Software 
component, each Software component providing a plu 
rality of user-requested functions, the processing host 
to configure the Selected Software components for 
Substantially immediate execution by defining which 
components will Send or receive events from which 
other components to create the user-requested Software 
based Service; 

a user access device to generate the input Selection signal; 
and 
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an agent adaptor coupling the user access device to the 
processing host. 

28. The apparatus of claim 27, wherein Said processing 
host also executes the Software based Service by executing 
the Selected Software components. 

29. The apparatus of claim 27, wherein the software 
components are Java Software components. 

30. The apparatus of claim 27, wherein said user access 
device is a computer. 

31. The apparatus of claim 27, wherein Said user acceSS 
device is a phone and Said agent adaptor translates user input 
from Said phone into an input for the agent Software com 
ponent. 

32. The apparatus of claim 27, wherein Said user acceSS 
device is a personal digital assistant and Said agent adaptor 
translates user input from Said personal digital assistant into 
an input for the agent Software component. 

33. The apparatus of claim 27, wherein Said user acceSS 
device is an Internet browser and Said agent adaptor trans 
lates user input from Said Internet browser into an input for 
the agent Software component. 
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34. The apparatus of claim 27, wherein the selected, 

Service and agent Software components are all executed on 
a single processing host. 

35. The apparatus of claim 27, wherein the selected, 
Service and agent Software components are executed on a 
network having a plurality of processing hosts. 

36. The apparatus of claim 35, wherein the selected, 
Service and agent Software components can be executed on 
different processing hosts. 

37. The apparatus of claim 35, wherein each of the 
processing hosts includes a performance monitor in com 
munication with at least one other of Said plurality of 
processing hosts. 

38. The apparatus of claim 37, wherein the performance 
monitors communicate to balance the load of Software 
executing on Said plurality of processing hosts. 

39. The apparatus of claim 37, wherein the performance 
monitors communicate to determine the Status of Software 
components executing on Said plurality of processing hosts. 
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